INTRODUCTION
Local genetic differentiation in response to selection has been studied extensively in populations of perennial, wind pollinated, outcrossing grasses (Jam and Bradshaw, 1966; McNeilly, 1968; Snaydon and Davies, 1972) . Less attention has been paid, however, to the amount of genetic differentiation which arises in such populations in the absence of selection. When gene flow is restricted within a continuous population, genetic divergence may occur among different areas of the population through random genetic drift (Wright, 1943; Rohif and Schnell, 1971; Turner et al., 1982; Crawford, 1984) . Analysis of microgeographic differentiation at allozyme loci has provided evidence that such genetic divergence occurs in insect pollinated and inbreeding species (Schaal, 1974; Brown, 1979) . Few data are available for outcrossing grasses.
Gene flow within populations, occurring principally through pollen dispersal, is expected to be greater for outcrossing wind pollinated species than for insect pollinated or inbreeding plants. This reduces the likelihood that genetic differentiation will occur through drift. However, pollen dispersal by wind may not be as extensive in natural populations of grasses as experimental measurements predict (Gleaves, 1973) . There may still be the opportunity for significant genetic differentiation to occur by chance.
The extent of such differentiation was investigated by studying the spatial heterogeneity in allozyme frequencies within a natural population of the grass Cynosurus cr1 st atus. This was combined with an analysis of the mating system and genotypic structure of the population using allozyme markers to build up a picture of the arrangement of genetic variation within this outcrossed, wind pollinated species.
MATERIALS AND METHODS
Cynosurus cristatus, crested dogstail, is a compact diploid, perennial grass found as a common component of pastures of moderate fertility in Britain.
The species is outcrossing and wind pollinated, producing a tough, wiry flower stem which is unpalatable to stock. This enables the plant to flower freely even under heavy grazing. Inability to set seed under self pollination is likely to be due to a self incompatability system rather than dichogamy because pollen is shed and stigmas are exerted simultaneously, Moreoever inclusion of heads at different developmental stages in the same bag did not enhance seed set under self pollination.
Pair crosses measure seed set by outcrossing and self fertilisation, whereas genotypes bagged alone gave an estimate of seed set through selffertilisation. From these two figures the proportion of outcrossed seed expected under the incompatability system can be calculated. If the incompatability system is the only determinant of the mating system, outcrossing rate is expected to be t =0 '985 in the natural population.
(ii) Outcrossing rate Data on progeny genotype arrays derived from known maternal genotypes were used to estimate (Brown et a!., 1975) . Values of the outcrossing rate do not differ significantly from t = 1.0, random mating, except for MDH1 subpopulation 1, MDH2 subpopulation 3 and the pooled estimate of GOT (table 1). Pooling of data over subpopulations imparts only a slight downward bias to the estimate of t. This suggests that there is little genetic differentiation among the three subpopulations at the marker loci (Shaw et aL, 1981; Ennos and Clegg, 1982) .
Multilocus estimates of t were calculated for each subpopulation and the total population using data for the three unlinked loci MDH2, ADH and GOT (Shaw et al., 1981) . Despite low standard errors, no significant deviation from t3 = 10, random outcrossing, was detected. These independent estimates of outcrossing rate confirm the results of incompatability studies and show that no significant level of self-fertilisation is occurring within the C. cristatus population.
(iii) Genetic Differentiation among subpopulations Table 2 gives the frequency of the faster migrating allele at each allozyme locus for the three adult subpopulations and total population. For three of the four loci significant heterogeneity in allele frequency is found among subpopulations (P< 0.05), though the magnitude of differences in frequency is not large.
Frequencies of these same alleles in the pollen pool encountered by each subpopulation are given in table 2 for comparison. These values and their standard errors were estimated from progeny Table 2 Adult and pollen allele frequencies for four allozyme loci in three sub-populations and for data pooled over subpopulations.
Standard errors are in parentheses. In comparisons among subpopulations allele frequencies followed by a common letter do not differ significantly at P<005. Significant differences between pollen and adult allele frequencies are also shown (Brown, 1979) , indicating weak subpopulation differentiation. The mean value of 0ST for pollen pool subpopulations is less than a quarter of its value for adult subpopulations. This suggests the breakdown of genetic differentiation through pollen flow. 
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(iv) Genotypic structure of adult population. Multilocus genotypic structure has been investigated by calculating gametic disequilibrium D and its standard error between pairs of loci using progeny genotype data (Brown, 1975) . Measures of D within subpopulations have not been calculated for MDH1 because of the low
DISCUSSION
Earlier work on pollen-stigma interaction has indicated that C. crislatus possesses a gametophytic multilocus self-incompatibility system (Weimarck, 1968) . In the population studied here uniformly high levels of self-incompatibility were found.
There is no evidence for segregation of selfcompatibility or pseudo-self-compatibility among the 147 genotypes tested. This contrasts with previous work which suggested that segregation for self-compatibility may be common in C. cristatus (Beddows, 1931) . In the self-incompatible grass Lolium multiflorum Allard et a!. (1977) reported that up to 30 per cent of seeds were set by selfpollination and there has been speculation that it may be common to find self-compatible individuals within populations of predominantly self-incompatible species (Maynard Smith, 1978) .
The results reported here do not bear out such ideas, at least for this population of C. cristatus. Estimates of outcrossing rate using allozyme markers give an overall outcrossing estimate of 0.98, identical to that predicted from a study of the incompatibility system. There is again no ted when the degree of genetic differentiation at marker loci among subpopulations is very low (Shaw and Allard, 1981; Ennos and Clegg, 1982) .
The absolute value of genetic differentiation among adult subpopulations (G57-= 14 per cent)
lies at the lower end of the range reported by Brown (1979) for plant populations. It is similar to the only other figure available for an outcrossing, wind pollinated grass, Lolium muitiflorum (Mitton et a!., quoted in Brown, 1979 ). This extremely low value for genetic differentiation at allozyme loci is probably due to substantial gene flow within the population through wind dispersal of pollen. Large amounts of gene flow prevent genetic drift occurring independently in different areas of the same population (Wright, 1943; Rohlf and Schnell, 1971; Turner et al., 1982; Crawford, 1984) .
The idea that pollen dispersal is extensive is borne out by a comparison between GST values for adults and pollen pools. Spatial genetic differentiation is four times lower among pollen pool subpopulations than among adults sampled from the same areas. Pollen flow reduces genetic differentiation substantially. The pollen pool is not, however, completely spatially homogeneous, for significant heterogeneity in allele frequency at locus MDHI is present. Additional tests for genetic heterogeneity can be made by comparing progeny genotype frequencies among maternal individuals of the same homozygous genotype (Brown et a!., 1975) . Any differences in progeny genotype frequencies among these maternal genotypes must be due to heterogeneity in the pollen pool sampled when producing progeny. Significant heterogeneity in progeny genotype frequency was found for MDH2 and GOT in subpopulation 1, ADH in subpopulation 2, and MDH2 and GOT when all subpopulations were combined (P<OO5 in all cases, table 6). Therefore at the scale of the pollen pool encountered by a single individual, significant genetic heterogeneity exists. This could arise not only through very local spatial genetic differentiation, but also as a result of temporal changes in pollen pool allele frequencies throughout the flowering season. Differences in allele frequency between adults and the pollen pool were non-significant. There is no evidence for the action of natural selection on any of the allozyme variants during the transition from adult plants to pollen successful in fertilisation. This result is of some importance since we are assuming that the differentiation which we are observing at allozyme loci represents the results of interaction between gene flow and genetic drift in the absence of selection.
Genotypic structure of the C. cristatus population conforms to expectations for a random mating population with extensive intrapopulation gene flow. Inbreeding coefficients are not significantly different from zero, and linkage disequilibrium, even between the loosely linked loci MDH1 and MDH2 is negligible. This situation can be contrasted with that for inbreeding grasses where highly significant gametic disequilibrium is commonly detected in natural populations (Allard et a!., 1972; Brown et al., 1977) .
We can conclude that this population of C. cristatus is uniformly self-incompatible, shows random mating, minimal spatial heterogeneity of allozyme frequencies and substantial gene flow via pollen. If spatial genetic differentiation were detected in a population of this type, this would provide strong circumstantial evidence that natural selection had brought about the differentiation. Its adaptive nature could only be confirmed, however, by the use of appropriate reciprocal transplant experiments Snaydon, 1976, Silander, 1979) .
